Objective: The objective of the study was to evaluate locoregional control after intensitymodulated radiotherapy for nasopharyngeal cancer using a target definition along with anatomical boundaries. Methods: Forty patients with biopsy-proven squamous cell or non-keratinizing carcinoma of the nasopharynx who underwent intensity-modulated radiotherapy between April 2006 and November 2009 were reviewed. There were 10 females and 30 males with a median age of 48 years (range, 17 -74 years). More than half of the patients had T3/4 (n ¼ 21) and/or N2/3 (n ¼ 24) disease. Intensity-modulated radiotherapy was administered as 70 Gy/33 fractions with or without concomitant chemotherapy. The clinical target volume was contoured along with muscular fascia or periosteum, and the prescribed radiotherapy dose was determined for each anatomical compartment and lymph node level in the head and neck. Results: One local recurrence was observed at Meckel's cave on the periphery of the high-risk clinical target volume receiving a total dose of ,63 Gy. Otherwise, six locoregional failures were observed within irradiated volume receiving 70 Gy. Local and nodal control rates at 3 years were 91 and 89%, respectively. Adverse events were acceptable, and 25 (81%) of 31 patients who were alive without recurrence at 2 years had xerostomia of Grade 1. The overall survival rate at 3 years was 87%. Conclusions: Target definition along with anatomically defined boundaries was feasible without compromise of the therapeutic ratio. It is worth testing this method further to minimize the unnecessary irradiated volume and to standardize the target definition in intensitymodulated radiotherapy for nasopharyngeal cancer.
INTRODUCTION
Intensity-modulated radiotherapy (IMRT) is one of the most prominent therapeutic advances in the last decade for patients with nasopharyngeal cancer (NPC) with local and nodal control rates exceeding 90% (1 -5) . In IMRT, meticulous delineation of the clinical target volume (CTV) with special attention to the patterns of spread is extremely important. In general, spread of NPC follows anatomic compartments that are bounded by anatomic barriers (e.g. muscular fascia or periosteum) (6) . Recent high-resolution computed tomography (CT) and magnetic resonance imaging (MRI) images have yielded exquisite anatomical information that can clearly depict whether the gross tumor volume (GTV) penetrates these anatomic barriers. Involvement of NPC in one anatomical compartment correlates with contiguous spread to the adjacent compartments (7, 8) . However, definition of clinical and subclinical target volumes had been largely derived from the experience of two-/three-dimensional radiotherapy, and the method for target delineation by using modern radiographic and fiberscopic images had not been fully addressed. Excellent locoregional tumor control rates had been reported from experienced centers in IMRT to the CTV using GTV plus 5 -10 mm uniform expansion with individual modification due to proximity of critical organs (1 -4,9) . On the other hand, Lee et al. reported that centralized review and feed back were required to diminish major deviation of target specification from 31 to 12% in their multicenter study using the same CTV definition (5) . A similar result was observed in another multicenter study that 32% of patients had major deviations for tumor volume contouring (10) . Major deviations from the treatment protocol may deteriorate locoregional tumor control (10, 11) . In principle, anatomical boundaries were selected as cut planes in curative surgery for head and neck cancer in order to achieve margin-free resection without unnecessary sacrifice of normal tissues. Anatomically defined planes such as muscular fascia and periosteum are theoretically unchangeable lines on CT images for IMRT planning, and it should then be appropriate landmarks to determine the boundary of CTV and non-cancerous normal tissues to reduce unnecessary irradiated volume. We attempted to determine the CTV in accordance with anatomical compartments of the head and neck area since the start of IMRT at our institution, and preliminary results of local and regional tumor control are described in this report.
PATIENTS AND METHODS

PATIENT POPULATION
From April 2006 to November 2009, 41 patients with biopsyproven squamous cell or non-keratinizing carcinoma of the nasopharynx without evidence of distant organ metastasis underwent IMRT at our institution. All patients underwent CT and MRI of the head and neck as part of the pretreatment evaluation. Diseases were re-staged according to the American Joint Committee on Cancer (AJCC) Staging Manual (seventh edition) (12) . One patient died because of an unidentified accident immediately after completion of treatment and excluded from this analysis, and the remaining 40 patients were the subjects of this study.
CONTOURING OF THE CLINICAL TARGET VOLUME AROUND THE PRIMARY DISEASE All patients underwent CT simulation with 3 mm slice thickness after immobilization in the supine position using thermoplastic masks. CT images with and without contrast enhancement were always obtained during simulation, and registration of MRI at the treatment position with planning CT images was routinely used in patients with T3/4 diseases. We considered that head and neck fiberscopy findings were more important than CT/MRI information in the determination of mucosal extent of GTV at the primary site (GTVp). Tumor invasion to adjacent anatomical compartments, such as parapharyngeal, masticator, perivertebral spaces, pterygopalatine fossa, occipital (clivus), temporal ( petrous apex) and/or sphenoid bones, was evaluated with CT and MRI. A high-risk CTV was defined as follows: (i) pharyngeal and sinonasal mucosal space within 2 cm from the margin of the mucosal irregularity, unless it was in close proximity to the chiasma and optic nerve, (ii) entire ipsilateral parapharyngeal space and/or infratemporal fossa (medial and lateral pterygoid muscles), only when gross tumor invasion to these structures was observed in CT/MRI, (iii) individual cranial bones, pterygopalatine fossa and/or perivertebral space within a volume of GTVp þ 1 cm expansion, only when gross tumor invasion to these structures was observed and (iv) Meckel's cave was included in the high-risk CTV when there was clinical and/or radiographic evidence of tumor penetration through the foramen lacerum and/or foramen ovale. Margins of these highrisk CTVs were defined at the fascia or periosteum of each anatomical compartment.
The intermediate-risk CTV was contoured at the anatomical compartments without gross tumor invasion but abutting to the GTVp as follows: (i) entire parapharyngeal space, (ii) entire medial and lateral pterygoid muscles only when GTVp attached to the inner fascia of these muscles, (iii) entire volume of the sphenoid bone invaded by the tumor and outside of the volume of GTVp þ1 cm, (iv) temporal and occipital bone and/or pterygopalatine fossa within GTVp þ2 cm and outside of GTVp þ1 cm, if tumors invaded these structures and (v) ipsilateral Meckel's cave when GTVp invaded foramen lacerum and/or masticator space. Schematic figures illustrating the above concept are shown in Figure 1 .
CONTOURING OF THE CLINICAL TARGET VOLUME AT THE NECK NODES Lymph node stations in the neck were designated as Levels I -V, supraclavicular and retropharyngeal nodes according to the AJCC Staging Manual (seventh edition). A high-risk CTV was defined as the entire level containing gross nodal disease Jpn J Clin Oncol 2013;43 (12) (GTVn), which was determined by neck lymph nodes of 1 cm in smallest dimension, any equivocal retropharyngeal lymph nodes (15) , or which had central necrosis on CT/MRI. In the case of nodal disease that had nodes of 3 cm in diameter, or when extracapsular spread was suggested on CT/MRI, the volume within the uniform three-dimensional expansion of gross nodal disease þ1 cm was also defined as high-risk CTV. An intermediate-risk CTV was defined as lymph node levels that were adjacent to the high-risk CTV with radiological evidence of extracapsular extension. A low-risk CTV encompassed all Levels II -V and supraclavicular nodes, and retropharyngeal nodal stations above the level of the hyoid bone and that was outside of the high-or intermediate-risk CTV. Level Ib was defined as low-risk CTV when GTVp infiltrated the ipsilateral nasal cavity. All GTVs were contoured according to the physical and radiographic findings before induction chemotherapy for patients who underwent this chemotherapy as described in the next section. 
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DOSE PRESCRIPTION AND TREATMENT TECHNIQUES
The step-and-shoot technique with a 10 mm-wide multi-leaf collimator using a fixed nine beam arrangement of 6 million volt X-rays was used during this study period. PTV encompassed CTV with a 5 mm margin. Total RT doses to the PTV of high, intermediate and low risks were 70, 60 and 54 Gy, respectively. A simultaneous integrated boost using 33 fractions over 6.5 weeks was used, and the entire PTV was treated with extended-field IMRT. On treatment planning CT, dose distribution in each slice was meticulously evaluated, and the plans were optimized to eliminate hot spots receiving a total RT dose of 77 Gy. In principle, the IMRT plan was approved when .95% volume (D95) of the PTV received . 95% of the prescribed dose. A part of the PTV within 3 mm beneath the skin surface was eliminated in this evaluation. The total RT dose to the chiasma and at least the unilateral optic nerve was always restricted to ,60 Gy because none of the patients had clinical and radiographic signs of optic nerve invasion of the tumor at presentation. Otherwise, the dose constraint to the planning organs at risk volume was determined according to the Radiation Therapy Oncology Group 0225 Study protocol (5) . According to the previous trials (13, 14) , concomitant followed by adjuvant platinum-based chemotherapy was done in clinically fit patients with Stage III/IV disease. Those who had Stage I/II keratinizing squamous cell carcinoma also received concomitant chemotherapy because of poor expectation of local control in patients with this histology (16) . For competent patients with N2/3 disease and/or T4 disease attaching to the optic chiasma, three courses of induction chemotherapy with docetaxel, cisplatin and S-1 were done (17) . Dental examinations and placement of a percutaneous gastrostomy tube (PEG) were routinely done before the start of IMRT. Changes in the body contours were monitored at least weekly during the IMRT with megavoltage CT generated by the linac in all patients, with the intention of revising plans according to the estimated changes of dose distribution in the target volume and critical organs. In fact, revisions were made in four patients. IMRT plans were made using Xio version 4.5.0 (Elekta, Stockholm, Sweden) for the first five patients, and Pinnacle 3 (Philips, Amsterdam, the Netherlands) for the rest.
OUTCOME MEASURES AND STATISTICAL CONSIDERATIONS
Patients were monitored at least twice a week during IMRT. Follow-up visits were requested monthly within 2 years after completion of RT, at least once per 3 months during the third year, and once per 6 months thereafter. Radiological examinations including CT and/or MRI of the head and neck were performed at least twice within 6 months immediately after treatment, and at regular intervals of 6 -12 months thereafter. Time-to-event analyses from the start of RT were made using the Kaplan -Meier estimates according to the data fixed on 1 November 2012. Biopsy-proven recurrence of the primary tumor or radiographic evidence of regrowth of neck adenopathy was considered as events for calculating the local and nodal control rates, respectively. Radiographic evidence of development of distant failure was determined as an event for calculating distant failure rates. Patterns of recurrences were classified according to the definition by Chao et al. (18) . Patients who died without these events were censored at the time of last follow-up examination. Death from any cause was defined as an event in calculating overall survival. Also, recurrence at any site or death from any cause was used in estimating progression-free survival. Statistical significance was evaluated using the log-rank test. Adverse events were estimated according to the National Cancer Institute Common Terminology Criteria of Adverse Events version 4.0. All patients provided written informed consent. This retrospective analysis was approved by our institutional ethics committee.
RESULTS
PATIENTS
One patient was lost to follow-up at 23 months with radiological evidence of nodal recurrence. The median follow-up period for other surviving patients was 45 months (25 -62 months). The characteristics of patients are listed in Table 1 . High-risk CTV within the mucosal space was confined within posterior one-third of the nasal cavity in all but one patient, while it was within the pharyngeal mucosal space above the level of inferior border of the second cervical vertebra (C2) in all but two patients. In patients with T4 disease, the entire ipsilateral medial and lateral pterygoid muscles were included in high-risk CTV in three patients, and otherwise, it was confined to the sphenoid and temporal bones, basiocciput, Meckel's cave, perivertebral, retropharyngeal and sinonasal/pharyngeal mucosal spaces. Concomitant chemotherapy was performed in 38 (95%) patients, and 20 (53%) of these 38 patients also received induction chemotherapy. The overall treatment time of RT ranged from 46 to 57 days (median, 50 days).
TUMOR CONTROL AND SURVIVAL OUTCOMES
There were seven locoregional tumor persistence or recurrences as listed in Table 2 . The local and nodal control rates at 3 years were 91% (95% confidence interval, 82 -100%) and 89% (79 -99%), respectively. The locoregional control rate at 3 years was 83% (71 -96%). A review of IMRT dose distributions revealed that six of the seven locoregional failures were 'in-field', and one local recurrence at the Meckel's cave was 'marginal' according to the definition by Chao et al. This marginal recurrence occurred in patients who had T3 disease deeply invading the ipsilateral foramen lacerum. Although the site of recurrence was defined as high-risk CTV, the administered total dose was ,63 Gy aiming at dose reduction to the adjacent temporal lobe of the brain. Local control rates in patients with T1/2 and T3/4 disease were 95% (95% CI 85 -100%) and 90% (77 -100%), respectively, at 3 years (P ¼ 0.744). The distant failure rate at 3 years was 24% (8 -40%). The Kaplan -Meier estimates of locoregional and distant failure rates are shown in Figure 2 . Progression-free and overall survival rates at 3 years were 61% (45 -76%) and 87% (76 -98%), respectively (Fig. 3) . Locoregional control, distant failure and overall survival rates at 3 years for patients with Stage I-III disease (n ¼ 21) were 81% (95% CI, 64 -98%), 17% (0 -34%) and 90% (77 -100%), respectively, whereas these rates were 89% (74 -100%), 27% (8 -46%) and 83% (65 -100%), respectively, for 19 patients with Stage IV disease. Overall and progression-free survival rates at 3 years for 20 patients who received induction chemotherapy were 89 and 63%, and it was 85 and 59% for the rest, respectively (P . 0.500).
ADVERSE EVENTS
Grade 3 dermatitis and symptomatic mucositis due to IMRT were observed in 5 (12%) and 25 (63%) patients, respectively. All surviving patients maintained their normalcy of diet and were not PEG dependent at 1 year after completion of IMRT. The median value of mean IMRT doses to the parotid gland on the side receiving lower dose was 33 Gy (19 -49 Gy). The mean total IMRT dose to the spared cochlea was ,55 Gy in all patients. The type and frequency of late adverse events for 37 patients who were alive at 2 years are listed in Table 3 . One patient experienced Grade 3 neck induration at 4 years after IMRT (1 year after completion of salvage chemotherapy for bone metastasis). He died subsequently with radiological evidence of lung metastasis. Of 31 patients who were alive and disease-free at 24 months, hearing loss of Grade 3 was observed in 4 (13%) patients. Twenty-five (81%) of these 31 patients experienced sense of recovery of their mouth dryness and were able to intake a normal solid diet (xerostomia of Grade 1) at 2 years (Fig. 4) . One patient whose T4 disease collapsed at 4 months after completion of IMRT developed a deep ulcer at the parapahryngeal and masticator spaces (Grade 3 pharyngeal necrosis). Osteonecrosis of the ipsilateral mandible and temporal lobe necrosis were observed subsequently. She died of pneumonia without evidence of tumor recurrence at 35 months. Otherwise, no Grade 2 or worse adverse events were observed at the time of last follow-up.
DISCUSSION
Although excellent locoregional control after IMRT had been reported from certain centers that had abundant experience of two-to-three-dimensional RT for NPC, wide prevalence of these results in the medical community is indispensable. Assuming that inter-observer variation of the target definition is categorized as a systematic error, larger margins would be required to determine the planning target volume than accountable by random errors (19) . Therefore, meticulous target definition based on the detailed estimation of extent of tumor and precise knowledge of patterns of tumor spread is indispensable. Pharyngeal and sinonasal mucosal spaces within GTVp þ2 cm margins were determined as high-risk CTV during this study period because of our belief of the aggressive nature of NPC with regard to lymphovascular invasion. However, this should be done with extreme caution. It should be noted that GTVp at the mucosal space was determined by direct fiberscopy findings because GTVp definition based on imaging alone was likely Posterior wall 4 10 SCC NOS, squamous cell carcinoma, not otherwise specified.
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IMRT for NPC to overestimate the real GTVp (6, 20) . Correct depiction of this mucosal GTVp for the planning CT is an extremely important process, because any regulation defining a GTV -CTV margin is meaningless without this effort. In our experience, high-risk CTV was confined within posterior one-third of the nasal cavity, and oropharyngeal mucosal space above the level of lower border of C2 with few exceptions. Therefore, the reason must be clearly recorded when high-risk CTV larger than these limits is defined. In other words, adding 2 cm margin to the GTV that was determined with imaging alone should not be done to avoid an unacceptably huge high-risk CTV. NPC has a high propensity of parapharyngeal space invasion (8) . The parapharyngeal space that was judged as free from tumor invasion was not encompassed within the CTV in this study period. However, no marginal recurrence was observed within the parapharyngeal space in this series of patients. If possibility of tumor invasion could not be completely denied, definition of the high-risk CTV within the parapharyngeal space by expansion of GTVp þ1 cm as shown in Figure 1 was thought to be an appropriate option based on the results of previous reports (1,2,4,5,9 ). In general, most of the patients with NPC had nodal metastasis with radiological signs of extracapsular spread, which required extensive coverage of the ipsilateral parapharyngeal space. Therefore, to determine the entire ipsilateral parapharyngeal space as the high-risk CTV was considered justifiable when the patient had gross tumor invasion to this space on MRI. As noted by Grégoire et al., muscular fascias are strong barriers against muscle infiltration. When the fascia has been disrupted, the whole muscle is at risk (21) . Based on this concept, the high-risk CTV encompassed the entire pterygoid muscles in three patients with T4 disease.
Adverse influence of variation in treatment planning was suggested in one patient who experienced marginal recurrence at Meckel's cave. Consequently, our method should be continuously fine-tuned according to the accumulation of clinical experiences. Otherwise, all locoregional failures were 'in-field', which could not be ascribable to inadequacy of our target definition. This single institutional study with a limited number of patients could not demonstrate the appropriateness of our target definition for all patterns of spread. Lin et al. (22) addressed a possibility to reduce IMRT target volume compared with that as defined in two-to three-dimensional radiotherapy era without deterioration of tumor control. Local and nodal control rates exceeded 95% at 3 years and no isolated recurrence was observed at reduced CTV in the posterior maxillary sinus, posterior clivus and/or posterior nasal cavity in 323 NPC patients (75% had T2/3 disease). In our study, three of the seven locoregional recurrences occurred at .2 years post IMRT. Therefore, longer follow-up is required to compare matured results among various definitions of the CTV and chemoradiotherapy procedures.
Lee et al. (5) reported that 46 of 68 (68%) patients experienced Grade 3 or worse acute gastrointestinal toxicities. Wolden et al. (2) showed that, in 74 patients (46% had N2/3 disease), the average mean dose to the parotid was 35.2 Gy and the mean dose was limited to 26 Gy in 30 of 84 parotid glands (35.7%). Grade 2 xerostomia was observed in 32% at 12 months, and the incidence of Grade 3 hearing loss was 15%. Ng et al. (9) showed that an average mean parotid dose was 40 Gy in 193 NPC patients, 90% of them had N2/3 disease. All of these data were comparable that observed in this study. Nevertheless, our resources to conduct IMRT during this preliminary period were considered as one of the reasons for adverse events, which should be improved along with the advancement of technologies to spare normal tissues more efficiently. No firm conclusion could be made regarding the effect of chemotherapy because of heterogeneous background of patients. Needless to say, it is impossible to evaluate the risks and benefits of additional chemotherapy without adequate CTV definition.
Possibility of this method to reduce inter-observer variation was not supported by any evidence in this report. Nevertheless, a clear definition must be established before wide prevalence of IMRT for NPC. Although there were difference in the background of patients, local control rates for patients who had T3/4 disease were relatively poor in previous reports (2,4,9). In our 
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IMRT for NPC study, similar local control rates exceeding 90% at 3 years, which compared favorably with other series, were observed in patients with T1/2 and T3/4 tumors. Therefore, it is conceivable that the significance of our anatomical boundary-based target definition is worth testing further for patients with advanced disease, especially in the new departments intending to implement nasopharynx IMRT into their practice.
CONCLUSION
An anatomical boundary-based definition of the CTV instead of simple three-dimensional expansion of the GTV was feasible without compromising locoregional tumor control and adverse events on the premise that meticulous estimation of extent of the tumor was done with fiberscopic and modern radiographic examinations. This method has a possibility to standardize the target definition as experienced in surgical oncology, and to facilitate reduction of inter-observer variation in multicenter studies. Further study of this procedure is needed in accordance with accumulating experiences and advancing resources in IMRT.
